This paper discusses the manipulation for multiple objects under rolling contacts. For manipulating multiple objects, there are two key issues which do not appear in the manipulation of a single object, (1) each object motion is restricted by other objects, and (2) the contact force between objects is not controlled independently. As for (1), we consider the motion degrees of freedom of the grasped objects, and propose a necessary condition for manipulation. As for (2), we propose three indices for internal force. Finally, we show some numerical examples and an experimental results to confirm the validity of the proposed idea.
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Fig. 4 Four motion degrees of freedom
IIC = 2 (d) II = 6 IIO = 1 1 5. 3 Fig. 3 (c) 2 4 ζ 1 1 2 y ζ ζ =     xB1 yB1 φB1 yB2     = EC p C + EBp B 16 p CF = [p T CF 1 p T CF 2 p T CF 3 p T CF 4 ] T , p B = [xB1
6.
Hiroshima-Hand [26] Hiroshima-Hand 
B.
[25] 
